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SOVIET ARTICIE o
COLD-PLAVME OXIDATION OF PROPANE

L. A. Rete and V. Ya. Shterrn

The ecld-flume. axidation of propane Wus investicated i the mixture
07?18 * On. The exrerimental end anal:ticel methods which we ised have been
A&seribed previously . [1]  The oxidution wns curried rut ut T = 280° ypg
Pinitial = 420 mm. Under these conditions, *hree cold-Tlume rlashes apise
during the course of the reustion,

Tre kinetice of the ¢ he 8 An pressure ure shawn sruvhirally in Fig.
ure 1 [figures refe-red to arg sppended 1. It {5 iguossible o relate the
peaks in the curve to the rapld increoeses arg subsequent decrenses in the

~ number of particles in the mixture; it is puch nore probuble thet they
originute from temperature changes. We therefore consider it permissible
to plot a kinetic curve along those points whirh represent increases in
pressure that are nct connected with changes in temperature. hen this is
done, the usual S-shaped curve is obtuined, the semilogurithmic anamorphesis
of which ylelds u straight line (sec Figure 2). ¢ seen fron curve w (ligure 3)
the maximum velocity of the reuction, us computed from AP, ocours at the mo-
went when the first colg flame appenrs,

The kinetice of the uccumulation of stable rroduets of cold-MMume oiide-
tion are shown by the dute in Taple 1 {appended]. These deta indicute that o
measurable reaction begins during the last part of +the induction pericd. This
behavior contrasts with that of propylene.{Z) ‘lhen propylene is oridized, the
quantities of aldehydes and peroxides reach their maxime at about the time the
first cold flame appears, while in the case of prow.re, these products contipue
I to accumulate up to the appearuance of the third colc idowme. From this mément
on, subsequent accumulation of' aldehydes and peroxides ceases. When this hap-
pens, the amounts of HCHO and CH3CHO, present at the moment when the third
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cold flame originates, remain unchanged to the very end of the reaction, while
the amount of peroxides shurply decreases during this last stage of oxidation.
The accumulation of the other reaction products continues without any inter-
ruption throughout the course of the entire cold-flame oxidation. Note that

. the rate of increase in CO during each cold-flame period is significantly
greater than that during the intervals between the flames.

It is interesting to note that, after a number of experiments have been
run, 2 white, powdery cozting forms on the cold comnecting parts of the appa-
ratus near the reaction vessel. This cozting can be removed by careful heat-
ing with un alcohol burner and cimultancous evicuation with o pummp .

Comperison of these results with those obtained in the investigution of
the high-temperature oxidation of propune [1] leads to the conclusion that the
chemistry of the oxidation of propane in noth tempernture ranges is very simi-
lar. In both cases, the totul procecs of oxidation of propane consicts of ite
notual oxidution and ity eracking. For ewample, in the high-temperature oxida-
tion of the mixture CsUE 4 O2 at the end of the reaction tuking place nt 3500,
the ratio of propane consumed in the oxidation to the propane cracked is
0.65.(3)

This ratio tor the wume mixture in the present vwork on the cold-flame
renction wis Tovnd to be 5.LE A decreunse in the rotic is perfectly notural,
since & decreuse in temperature (in changing over to cold-flame oxidation)
has a preater effect on the cracking thun on the oxidution. The products
(including the peroxides) of both phases [oxidution nnd cracking] of high-
temperature and cold-flame oxidation are identical,

Furthermore, in the change from high-temperature to cold-flame oxida-
tion of propane, there is no significant change in the quantitative re-
lationchip of reaction products. This is chown to be true by the data in
Table 2 [oppended], which correspond to the moment at the end of the re-
action.

In investienting the high-temperaturs oxidation of propune (C Hz 400,
T = 350°, Pinitial = 282 om), it was found that the rrximum velori%y, a8
cileuluted from the increment in presaurs, occurs a4t the moment whenap = 17 mm,
Conctant zoncentrution of nldehydes ond malimum concentration o veroxides nre
estebliched at o luter rmoment of the reaction, when ap » 30 rm. If there is
really a congruence of chemicul processes over the enrire range of slow oxidu-
tion of hydrocarbons, then in the tuse of cold-flrme oxidntion of provine one
ctn expect wosimiler congruence of the moment of muximum velority, nc culeu-
lated from the pressure insrement, with the moment when the concentrution of
aldehydes becomes constunt und the concentration of peroxides reuches o muxi-
mum.

Qur dnta support this hypothesis. As we saw thove, the muimun velocity
of cold-flame oxidation, as culculated from the pressure increment (after
omitting the peaks), occurs at the moment when a p = 15 mm; whenav ~ 50 mm,
the concentration of 2ldehydes becomes constant znd the concentrution of
peroxides reaches o maximum (see Figure 3). This, undoubtedly, is an =d-
@itional confirmation of the hypothesis thet the same chemical processes
comprise the basis for both high-temperature and cold-flame oxidation of
propane.

From this point of view, cold-flame flashes merely represent insipgnifi-
cant side reactions and do not give rise to a measursble formation and ac-
cumulation of aldehydes and peroxides. Our results are in good agreement
with this hypothesis of the nature of cold flames. In fact, as shown nbove,
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aldchydes and beroxides accumilate only during the occurrence of coid Uiy
vhich are superinmposed on the basie chemical proccss in that part or it where
the maximum Quantity of these products has not yot formed (first and second
cold flames). However, 1r the cold flame origirates atter thig moment, as
for example the third colg flame does, it can ne lonser produce an additionnl
accumulation of aldehydes and reroxides.
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Frure 1. Kinetic curve (Ap - 1) or cold~Tlame oxidution of the mixture CiHp + 0,
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Figure 3. PRate or change of pressure (curve W) and of the concentrations of
aldehydes (curves HCHO ang CH3CEO) during course of cold-flape oxidpe
tion of mixture c3ﬂe+02; T =72800; Pinitial « L20 mm
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